Wheaton and Pratt (11) reported that media exert a profound influence on the recoverability of severely heated putrefactive anaerobic spores. Freshly prepared media were much superior to dehydrated media for this purpose. However, this difference was not as apparent with mildly heated spore suspensions (10) . The "severe" treatment was defined as 150 sec at 121 C; the "mild" as 27 sec at 106.5 C. Greenberg, Silliker, and Basa (Bacteriol. Proc., p. 17, 1958) suggested that dehydrated media such as Peptone Colloid Broth (Difco) might be superior to "homemade" media in recovering putrefactive anaerobes from foods likely to contain thermoduric streptococci.
During the course of a large-scale survey of the occurrence of C. botulinum type A and B spores in raw beef, pork, and chicken, throughout the continental United States and Canada, we evaluated the application of the anaerobic plastic film pouch (4) to this problem. Various time-temperature exposures of beef, pork, and chicken were also evaluated, to determine the optimal procedures for pasteurizing samples without destroying indigenous putrefactive anaerobic spores.
MATERIALS AND METHODS
Pasteurization. The following protocol was employed in establishing optimal pasteurization timetemperature relationships. Approximately 1 liter of a 1:10 suspension of ground raw meat in 0.015 M phosphate-buffered dilution water was blended in a 2-liter Erlenmeyer flask. The flask was then stoppered with a cork, which was pierced with a centigrade thermom-of the desired temperature; 10-ml samples of the blend (approximately 1 g of meat) were removed as soon as the desired pasteurization temperature was reached, and at intervals of 10 or 15 min thereafter. Bacteriological analyses were run immediately upon sampling. In each experiment a controlled reference sample was obtained as the flask contents reached 50C.
Total plate counts. Samples were plated with Tryptone Glucose Yeast Extract Agar (Difco). Plates were counted after 48 hr of incubation at 37 C.
Enterococci. Samples were placed in Azide Dextrose Broth (Difco) and incubated for 24 hr at 37 C. Growth was considered presumptive for enterococci. Positive tubes were confirmed by placing a 0.1-ml sample into Trypticase Soy Broth (BBL) fortified with 6.5% sodium chloride. After 24 hr of incubation at 45 C, those tubes showing growth were examined by Gram stain for the presence of streptococci. Catalase production was demonstrated by placing 0.5 ml of the culture on a spot plate and adding a few drops of 5% hydrogen peroxide. Lack of bubbles after 3 min was considered negative for catalase. Confirmed enterococci were considered to be streptococci capable of growth in Azide Dextrose Broth and at 45 C in 6.5% sodium chloride, but incapable of producing catalase.
Putrefactive anaerobes. Putrefactive anaerobic sporeformers were detected in Peptone Colloid Broth (Difco) supplemented with 1 g of dextrose, 0.2 g of FeSO4, and 0.3 g of sodium thiosulfate per liter. Tubes were incubated for 7 days at 37 C, and were then examined for odor, hydrogen sulfide production (blackening), and bacterial growth. All tubes showing growth, whether or not they were putrid or hydrogen sulfide-positive, were pasteurized 15 min at 70C. A 0.1-ml amount was then transferred to fresh peptone colloid tubes which were incubated for 48 hr at 37 C.
Pouch technique. Pouches were prepared as described by Bladel and Greenberg (4) . Media used in pouch tests were: Brewer's Anaerobic Agar (Difco), Angelotti agar, and peptone colloid agar. The Angelotti agar was a modification of SPS agar (1), consisting of 1.5% tryptone (Difco), 1% yeast extract (Difco), 3% agar (Difco), 0.06% sodium thioglycolate, and 0.01% L-cystine. The medium was adjusted to pH 7.0 4 0.2, and was sterilized by heating for 15 min at 121 C. Freshly prepared, Seitz-filtered solutions of FeSO4.7H20 and Na2SO3 (anhydrous) were added to the medium at 0.025% final concentration. Peptone colloid agar was prepared by adding 3.0% agar to modified peptone colloid medium.
After pasteurization (50 min, 60 C), samples of 1:10 suspensions of raw meat in buffered dilution water were pipetted into pouches. Agar (tempered to 60 C in a water bath) was then added, and the pouch was flexed to mix its contents. After 72 hr of incubation at 37 C, colonies were counted, transferred to tubes of Peptone Colloid Medium by means of a sterile scalpel, and incubated.
Botulinal toxin evaluation. Presumptive evidence of toxicity was established by means of intraperitoneal injection of 0.5 ml of the peptone colloid subculture originating from colonies picked from the pouch. Swiss strain white mice (15 to 20 g) were used. Cul- Enterococci, the most prevalent nonsporing thermoduric bacteria in raw meats, appeared to withstand treatment at 55 C quite readily (Table  2 ). In beef, no enterococcus reduction occurred within 45 min at that temperature. In chicken and pork, exposure for 60 min at 55 C resulted in only 90% reduction. At 60 C, the enterococcus population was reduced in beef at least 99%; 45 min at that temperature reduced the enterococcus levels in raw chicken by 99.99%, and the same treatment reduced the enterococcus count in pork by 99.9%.
The enterococcus and total aerobic count results demonstrated that a pasterurization temperature of at least 60 C would be required to effect meaningful reduction in extraneous microflora. Thirty minutes at 60 C has been used routinely for pasteurization isolation of type E C. botulinum spores from marine materials. Since type E spores are appreciably less heat-resistant than are types A, B, and C, it should follow that treatment at 60 C would not be excessively injurious to mesophilic botulinal spores in meats. To determine a "cut-off" point, beyond which indigenous spores would be expected to be lost, several uninoculated raw meat-buffer blends were sampled at 15-min intervals at 50, 55, 60, 65, and 70 C. The results in Table 3 t Indigenous. VOL. 14, 1966 mean recovery values for these systems were 0.82, 1.32, 10.8, and 76, respectively. These data demonstrate the Peptone Colloid Medium-MPN procedure to be a reasonably accurate method for determining putrefactive anaerobic spore populations in raw meats.
The peptone colloid system was next tested for detection of C. botulinum spores in mixed culture with putrefactive anaerobes in beef, pork, and chicken. Approximately equal numbers of spores of C. botulinum type 62 A and P.A. 3679 were added to beef, pork, or chicken and pasteurized at 60 C for 50 min. Positive peptone colloid tubes were tested for botulinal toxin. The results ( Table   TABLE 5 Tables 8, 9 , and 10, and are summarized in Table 11 . A total of almost 4,200 individual colonies were evaluated in these experiments, 103 of which were identified as C. botulinum. The approximate 2.5% recovery, when compared with the expected 1.0%, is exceedingly precise for a microbiological procedure.
DIscussIoN
The data support the utility of commercially available dehydrated media (as illustrated by modified Peptone Coiloid Medium) in recovering putrefactive anaerobic spores from mildly pasteurized raw meats. In addition, it was found feasible to detect C. botulinum spores present in P.A. 3679-inoculated meats by using Peptone Colloid Medium in a three-tube MPN system and subjecting positive tubes to toxin assay in mice.
Two attributes of the MPN approach tend to discourage its use for routine botulinal spore assay. First, the probability of a single C. botulinum spore entering an individual culture tube is extremely remote, particularly at the low levels expected in fresh meats. Mixed cultures would be the rule. Crisley and Helz (6) reported inhibition of C. botulinum spore germination by filtrates of Streptococcus faecalis. The question of "missed" positives would thus consistently cloud results obtained by any MPN procedure. The second problem is the tremendous glassware and incubation space requirements involved in conducting any large-scale studies.
Indeed, space and equipment requirements tend to be prohibitive for the typical laboratory in all conventional anaerobic isolation techniques.
The anaerobic pouch is not only convenient, but also was demonstrated to be a highly efficient device for isolation of C. botulinum type A and B spores from fresh pork, beef, and chicken inoculated with at least 100-fold greater numbers of saprophytic putrefactive anaerobic spores.
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